Summary. Mouse 
Introduction
Cell surface glycoconjugates have been implicated in cell-cell adhesion in a number of biological systems (Harrison & Chesterton, 1980; Damsky et ai, 1984; Edelman et ai, 1985; Öbrink et ai, 1986; Schachner, 1989) and carbohydrate moieties appear to be directly involved in several cellular processes in mammalian reproductive biology, e.g. binding of spermatozoa to the zona pellucida (Ahuja, 1985; Wassarman, 1989) , the interaction of cells in preimplantation mouse embryos (Bird & Kimber, 1984; Fendersen et ai, 1984; Kimber, 1988) , the adhesion between cells of the uterine epithelium (Dutt et ai, 1987) and the initial attachment of the blastocyst to the uterine epithelium (Kimber et ai, 1988; Lindenberg et ai, 1988) . To investigate the latter process we have used an invitro model, the attachment of mouse blastocysts to monolayers of uterine epithelial cells. In this system we have shown that a pentasaccharide, lacto-N-fucopentaose I (LNF I), specifically inhibits the attachment of the trophoblast to uterine cells, while other related oligosaccharides have no effect (Lindenberg et ai, 1988) . This oligosaccharide determinant has been demonstrated on the cell surface of the uterine epithelium during the pre-implantational phase of pregnancy, and also on the monolayers but not on the trophectoderm (Kimber & Lindenberg, 1990 (IBF, 92390 Villeneuve-la-Garenne, France) in 4-well culture dishes (NUNC A/S, DK-400, Roskilde, Denmark) as pre¬ viously reported (Lindenberg et ai, 1988) , or in Medium 16 + 4% bovine serum albumin (Whittingham, 1971) under oil.
Oligosaccharides. The oligosaccharides were supplied by BioCarb AB (Lund, Sweden) and were purified from human milk. They were chemically modified in two ways, to the alditols by treatment with sodium borohydride, or to the N-acetylated l-deoxy-l-(4-trifluoroacetamidophenyl)aminoalditols (TFAC derivatives; see Tables I and 2 ; Kallin eta!, 1988) . Fucal-2Galßl-3GlcNAcßl-3Galßl-4Glc (Lund, Sweden) . Supernatants containing the antibodies (667/9E9, H001 and 630/7H1) were used to stain frozen sections of mouse uterus in a double-layer technique using a FITC-labelled second antibody as previously described (Kimber et ai, 1988) . Staining took place using the minimum antibody con¬ centration required to give maximum specific binding in the presence or absence of oligosaccharides or modified oligosaccharides according to the regimen in Table 3 .
Stained sections were viewed using a Zeiss or Leitz epi-fluorescence microscope with a mercury source for illumination and excitation filter BP 450-490 and suppression filter LP 515 and photographed.
Staining ofblastocysts with oligosaccharide-bovine serum albumin/human serum albumin-fluorescein isothiocyanate (BSA IHSA-FITC) conjugates. FITC-BSA or -HSA conjugates of oligosaccharides with proteimsugar molar ratios, fluoresceimprotein ratios and protein concentrations as noted in Table 2 were obtained from BioCarb AB (Lund). These conjugates were synthesized by conversion of the TFAC derivatives to the corresponding isothiocyanates (Kallin et a!, 1986) , which were then reacted with albumin solutions (Smith et a!, 1978; Svensson & Lindberg, 1979) . The sugar-albumin conjugates were labelled with fluorescein isothiocyanate according to standard procedures (Albini eta!, 1984) .
Blastocysts on Day 4, 5 or 6 of pregnancy were stained after culture from the 2-cell stage or directly after flushing from the uterus. When necessary the zona pellucida was removed with acid Tyrode's solution, pH 2-5. Embryos were washed 3 times in Medium M2 + 4 mg BSA/ml (Quinn et a!, 1982) and transferred to the sugar-serum albumin-FITC conjugates either diluted in Medium M2 + 4% BSA + 002% sodium azide but without phenol red or in the same medium containing 5-I0mg/ml of the appropriate oligosaccharide to give the final concentration of the conju¬ gate as noted in Table 2 . Staining took place for 2 h at 20°C. After washing in Medium M2 + BSA + azide they were mounted in optically true microslides (CAMLAB, Cambridge, UK) and viewed.
To examine the specificity of binding of the serum albumin-FITC-sugar conjugates, embryos were stained as outlined above, but in the presence of sugar-HSA conjugates, which were not labelled with fluorescein, at a final concentration of 0-05-0-35 mM.
Results

Staining of uterine epithelia
The effect of oligosaccharides, their alditol derivatives and TFAC derivatives on staining of frozen sections of uterine epithelium with the monoclonal antibodies, H001, 630/7H1 and 667/9E9 is shown in Table 3 . tLacto-N-difucohexaose I.
JLacto-N-neo-difucohexaose I.
In the absence of added sugars, Antibodies 667/9E9, H001 and 630/7H1 all stained the uterine luminal and glandular epithelia on Days 4 and 5 of pregnancy as previously reported (Kimber et ai, 1988 (Table 4 ). In the presence of free LNF I the staining was significantly reduced (P < 005) and only 21% (8/38) of the blastocysts were postive.
Cultured Day-6 blastocysts were divided into 3 categories (Table 5) , those which retained their zonae pellucidae (unhatched), those which were emerging from the zona pellucida (hatching) and those which were free of the zona (hatched). The results of incubating blstocysts with 3 sugars conjugated to BSA-FITC are included in Table 5 . LNF I-BSA-FITC bound to almost 100% of the hatched blastocysts, 83% of those blastocysts which were hatching but to less than one half of those blastocysts retained within the zona pellucida. Staining at the abembryonic pole with the conjugate varied from several cells to the entire mural trophectoderm (Fig. 1) . LNF III-BSA-FITC stained 75% of the hatched blastocysts, 40% of those which were hatching and 50% of the unhatched blastocysts. In contrast, <25% of the hatching blastocysts and none of the unhatched blastocysts bound LNT-BSA-FITC, while 41% of the hatched blastocysts reacted with this conjugate. 
the proportion of blastocysts stained was statistically significant (P < 00001), compared to that seen in the absence of competing LNF I-HSA or in the presence of LNT-HSA. Binding of LNT-BSA-FITC to blastocysts was low in the absence or in the presence of either sugar conju¬ gate. There was a marginally significant inhibition of binding in the presence of LNT-HSA (P < 0-05). Stowell & Lee, 1978; Sarkar et ai, 1979; Baenziger & Maynard, 1980; Fenderson et ai, 1984) . If this is the case, one would predict that the 'multivalent' BSA-TFAC sugars would be more potent than the penta¬ saccharide in inhibiting binding of blastocysts to uterine epithelial cells. We are currently testing this possibility. It is noteworthy that the free pentasaccharide reduced the proportion of blastocysts attaching to the endometrial epithelium in vitro (Lindenberg et ai, 1988) Sairam, 1985) . In contrast, hepatocyte receptors responsible for binding circulating glycoproteins recognize the carbohydrate moieties of these molecules, specifically terminal Gal residues. Conver¬ sion of B-D-Gal and B-d-G1c to the thio-neoglycoproteins or amidino-neoglycoproteins (Krantz et ai, 1976; Stowell & Lee, 1978; Stowellef ai, 1980; Kawaguchi et ai, 1981) allowed their binding by receptors on rat or rabbit hepatocytes or hepatic membranes. Results obtained from studies using both neoglycoproteins and natural proteins has led to similar conclusions about the sugar speci¬ ficity of the receptors in this system (Pricer & Ashwell, 1971; Hudgin et ai, 1974; Ashwell & Morell, 1974; Sarkar et ai, 1979; Ashwell & Harford, 1982; Lee, 1989 ).
In conclusion, our observation that the multivalent neoglycoprotein LNF I-BSA binds specifi¬ cally to the surface of the abembryonic trophectoderm is in accord with the proposed interaction between a trophectoderm receptor and uterine epithelial glycoconjugates carrying -type I structures at implantation.
